Non-adiabatic loss processes of radiation belt energetic elec-3 trons include precipitation loss to the atmosphere due to pitch-angle scat-4 tering by various magnetospheric plasma wave modes. Here we consider elec-5 tron precipitation loss due to pitch-angle scattering by whistler-mode ELF 6 hiss in plasmaspheric plumes. Using wave observations and inferred plasma 7 densities from the Plasma Wave Experiment on the Combined Release and Radiation Effects Satellite (CRRES), we analyze plume intervals for which 9 well determined hiss spectral intensities are available. We then select 14 rep-10 resentative plumes for detailed study, comprising 10 duskside plumes and 4 11 non-duskside plumes, with local hiss amplitudes ranging from maximum val-12 ues of above 300 pT to minimum values of less than 1 pT. We estimate the 13 electron loss timescale τ loss due to pitch-angle scattering by hiss in each cho-14 sen plume as a function of L -shell and electron energy; τ loss is calculated 15 from quasi-linear theory as the inverse of the bounce-averaged diffusion rate 16 evaluated at the equatorial loss cone angle. We find that pitch-angle scat-17 tering by hiss in plumes can be efficient for inducing precipitation loss of outer-18 zone electrons with energies throughout the range 100 keV -1 MeV, though 19 the magnitude of τ loss can be highly dependent on wave power, L -shell, and 20 electron energy. For 100 keV -200 keV electrons, typically τ loss ∼1 day while 21 the minimum loss timescale (τ loss ) min ∼ hours. For 500 keV -1 MeV elec-22 trons, typically (τ loss ) min ∼ days, while (τ loss ) min < 1 day in the case of 23 large wave amplitude (∼ 100's pT). Apart from inducing direct precipita-24 tion loss of MeV electrons, scattering by hiss in plumes may reduce the gen-25 eration of MeV electrons by depleting the lower-energy electron seed pop-26 ulation. Models of the dynamical variation of the outer-zone electron flux 27 should incorporate electron precipitation loss induced by ELF hiss scatter-28 ing in plasmaspheric plumes.
wind influenced dawn-to-dusk cross-tail electric field. During intense geomagnetic storms 48 the plasmaspheric boundary layer, or plasmapause, can lie inside L = 2 for several days 49 [Baker et al., 2004] , while during prolonged periods of quiet geomagnetic conditions the the inner magnetosphere on average about 5 times per day. The wave data and plasma 142 densities used in this study were obtained from the Plasma Wave Experiment (PWE) on 143 board CRRES. This experiment measured electric fields from 5.6 Hz to 400 kHz, using 144 a 100 m tip-to-tip long wire antenna, with a dynamic range covering a factor of at least 145 10 5 in amplitude [Anderson et al., 1992] . The electric field detector was thus able to 146 detect waves from below the lower hybrid resonance frequency (f LHR ) to well above the 147 upper hybrid resonance frequency (f UHR ) for a large fraction of each orbit. The maximum 148 plasma density that could be measured was ∼ 2000 cm −3 because of the upper frequency 149 limit of the instrument. The CRRES PWE also included a boom-mounted search coil 150 magnetometer that covered the frequency range from 5.6 Hz to 10 kHz and operated until 151 the March 1991 storm. While the electric field data were sampled with high-frequency 152 resolution by the PWE sweep frequency receiver at eight seconds per spectra above 6.4 153 kHz, the search coil data were sampled by a 14-channel analyzer that sampled the magnetic 154 field eight times per second every other 32 seconds. 155 We determine the presence of a plume by monitoring the behavior of the plasma density 156 as inferred from observations of the upper hybrid resonance frequency. If, while CRRES In our study we choose 14 plume intervals which we specify in et al., 2004] . We discuss our assumption of parallel 252 wave propagation further below.
253
In Figure 4 we present hiss spectral intensities in nT 2 Hz −1 within four chosen plumes we have mainly chosen more-commonly occurring duskside plumes while also including a 262 selection of non-duskside plumes, we can consider that the choice of plume intervals for 263 our study is reasonably general. For each of the 14 chosen plumes, we present in Table 2 264 an average value for the hiss amplitude ∆B (pT) calculated by averaging the measured 265 spectral intensity along each plume crossing. 266
Theory
From Summers [2005] (equations (10) and (17)), we can write the local pitch-angle diffu-267 sion coefficient for electron cyclotron resonance with field-aligned R-mode electromagnetic 268 waves in the form,
for broadband waves of intensity I(k) orÎ(f ) (nT 2 /Hz), defined on the frequency range
273 and ∆B is the wave amplitude; f = ω/2π, f 1 = ω 1 /2π, and f 2 = ω 2 /2π; α is the particle 274 pitch-angle and v is the particle speed; E is the dimensionless particle kinetic energy the speed of light), and m e is the electron rest mass; |Ω e | = eB 0 /(m e c) is the electron 277 gyrofrequency, where e is the unit charge and B 0 is the magnitude of the uniform static 278 magnetic field; the wave frequency ω j and wavenumber k j (where j = 1, 2, · · · , N) satisfy 279 the gyroresonance condition
281 as well as the dispersion relation,
is an important cold-plasma parameter; ε = m e /m p where m p is the proton rest mass; and
286 ω pe = (4πN 0 e 2 /m e ) 1/2 is the plasma frequency where N 0 is the electron number density.
287
It is convenient to express formula (1) in terms of the practical wave intensityÎ(f )
288
(nT 2 /Hz). Then, also introducing the variables,
290
we thereby obtain the result, In order to apply (7) to the assumed dipole magnetic field of the inner magnetosphere,
298
it remains to carry out bounce-averaging of (7) to take account of the magnetic mirror-like 299 geometry. Using the formalism given by Summers et al. [2007a] , we write the bounce-
303 where 304 S (α eq ) = 1.3 − 0.56 sin α eq . (10)
305
In (9), α eq is the equatorial pitch-angle of a particle, and λ is the magnetic latitude of 306 a particle with pitch-angle α at any point along a field line; α eq , λ, and α satisfy the 307 relation,
309 where 310 f (λ) = (1 + 3 sin 2 λ) 1/2 / cos 6 λ .
311 λ m is the latitude of the mirror point of the particle and is given by the equation, 312 X 6 + (3 sin 4 α eq ) X − 4 sin 4 α eq = 0 ,
coefficient D αα (α) at the quadrature points. Therefore, at each quadrature point the 345 relevant resonant roots x of the above-noted quartic equation must be found. 346 We take as an estimate of the electron loss timescale,
where D LC αα is the bounce-averaged diffusion coefficient (9) evaluated at α eq = (α LC ) eq 349 where (α LC ) eq is the equatorial loss cone angle given by
351
In order to account for the limited angular (MLT) spread of the observed hiss in a given 352 plume, we have inserted into (16) a drift-averaging factor δ which we specify in the follow-
353
ing section. The value of τ loss depends on the kinetic energy E, L-shell, the measured hiss 354 spectral intensityÎ, the drift-averaging factor δ, and the equatorial value of the parameter 355 α * , namely α * eq = (Ω 2 e /ω 2 pe ) eq . The local electron gyrofrequency |Ω e | was determined from L : 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 MLT out : 10.8 11.7 12.3 12.9 13.4 13.8 14.2 14.6 15 15.6 MLT in : 20 19.4 18.9 18.5 18.1 17.8 17.5 17.2 16.9 16.3 15.9 L : 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 MLT out : 9.8 10. 5 11 11.5 12 12.4 12.8 13.3 13.8 MLT in : 19.7 
